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Publication Title: 

PERPENDICULAR MAGNETIC RECORDING MEDIUM 



Abstract: 

PURPOSEiTo suppress Barkhausen noises by forming a bias magnetic field- 
imparting film to the surface on the substrate side of a high-permeability 
magnetic film. 

CONSTITUTION:The bias magnetic field-imparting film 2 is formed on a 
substrate 1 and the high-permeability magnetic film 3 is formed thereon. Further, 
a perpendicularly magnetized film 4 for recording signal magnetization is formed 
thereon. An exchange interaction acts on the boundary between the bias film 2 
and the high-permeability magnetic film 3 and the bias magnetic field is 
impressed to the magnetic film 3. As a result, the generation of the magnetic 
walls in the magnetic film 3 is suppressed and the Barkhausen noises are 
suppressed. A spacing layer, such as antiferromagnetic film, is not fomied 
between the perpendicularly magnetized film 4 and the magnetic film 3 and 
therefore, the action of the thickness of the antiferromagnetic film as a spacing 
loss at the time of recording and reproducing does not arise. Consequently, the 
perpendicular magnetic recording medium having high recording and 
reproducing efficiency and high resolving power is obtd. 
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PURPOSE: To suppress Barkhausen noises by forming a bias magnetic 
field- imparting film to the surface on the substrate side of a high- 
permeability magnetic film. 

CONSTITUTION: The bias magnetic field-imparting film 2 is formed on a 
substrate 1 and the high-permeability magnetic film 3 is formed thereon. 
Further a perpendicularly magnetized film 4 for recording signal 
magnetization is formed thereon. An exchange interaction acts on the 
boundary between the bias film 2 and the high-permeability magnetic film 
3 and the bias magnetic field is impressed to the magnetic film 3. As a 
result, the generation of the magnetic walls in the magnetic film 3 is 
suppressed and the Barkhausen noises are suppressed. A spacing layer, 
such as antiferromagnetic film, is not formed between the perpendicularly 
magnetized film 4 and the magnetic film 3 and therefore, the action of the 
thickness of the antiferromagnetic film as a spacing loss at the time of 
recording and reproducing does not arise. Consequently, the perpendicular 
magnetic recording medium having high recording and reproducing 
efficiency and high resolving power is obtd. 
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* NOTICES * 

OPO and NCIPI are not responsible £or any 
damages caused by the use o£ this translation. 

l.this document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The vertical-magnetic-recording medium characterized by forming the bias field grant film in the field by the 
side of the substrate of said high permeability magnetic film at least in the vertical-magnetic-recording medium which 
consists of a substrate, a high permeability magnetic film formed on this substrate, and perpendicular magnetic 
anisotropy films which record the signal magnetization formed on this high permeability magnetic film. 
[Claim 2] The vertical-magnetic-recording medium according to claim 1 characterized by coming to form a 
nonmagnetic membrane between said bias field grant film and said high permeability magnetic film. 
[Claim 3] Said bias field grant film is a vertical-magnetic-recording medium according to claim 1 or 2 characterized by 
being the antiferromagnetism film. 

[Claim 4] Said bias field grant film is a vertical-magnetic-recording medium according to claim I or 2 characterized by 
being the high coercive force magnetic film which has a stacking tendency within a field. 

[Claim 5] Said bias field grant film is a vertical-magnetic-recording medium according to claim 1 or 2 which is the 
cascade screen which a magnetic film and a nonmagnetic membrane turn into from said at least two magnetic films by 
which the laminating was carried out by turns, and is characterized by said magnetic film by which the laminating was 
carried out through said nonmagnetic membrane, and which carries out phase opposite coming to join together in 
antiferromagnetism. 

[Claim 6] The vertical-magnetic-recording medium which is a vertical-magnetic-recording medium which consists of a 
substrate, a high permeability magnetic film formed on this substrate, and perpendicular magnetic anisotropy films 
which record the signal magnetization formed on this high permeability magnetic film, and is characterized by carrying 
out perpendicular magnetization in the direction which faces the predetermined field of the both ends of the record 
playback field in said perpendicular magnetic anisotropy films. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magnetic-recording medium of the vertical magnetic recording 

used for a magnetic disk, VTR, etc. 

[0002] 

[Description of the Prior Art] There is a record medium of the two-layer structure which formed the perpendicular 
magnetic anisotropy films which use a medium side perpendicular direction as an easy axis in the side which is 
separated from a substrate, and formed the high permeability magnetic film in it from the substrate at the near side as a 
vertical-magnetic-recording medium used for vertical magnetic recording (IP,52-78403,A), and it is known that this 
two-layer structure vertical-magnetic-recording medium shows the record reproducing characteristics in which 
perpendicular magnetic anisotropy films excelled the record medium of a monolayer. 

[0003] However, in the above-mentioned conventional two-layer structure vertical-magnetic-recording medium, the 
noise of the letter of a spike is observed at the time of record playback. It is not generated by the interaction with the 
perpendicular magnetic anisotropy films by which not being observed is checked in case a record playback experiment 
is conducted using the record medium of the monolayer structure which consists only of perpendicular magnetic 
anisotropy films, therefore the laminating was carried out to the high permeability magnetic film on it, and this letter 
noise of a spike is produced only from a high permeability magnetic film. Moreover, a magnetic domain wall is not 
generated in the field which this letter noise of a spike has the field which does not generate uniformly and is generated 
in a medium, and the field which is not generated, the magnetic domain wall has generated in the field which the letter 
noise of a spike generates, and the letter noise of a spike does not generate. [ many ] This letter noise of a spike 
originates in a magnetic domain wall carrying out irreversible transition, and, generally is called the Barkhausen noise. 
[0004] The above thing shows that what is necessary is just to control generating of the magnetic domain wall in a high 
permeability magnetic film, in order to control generating of a Barkhausen noise. As what controls generating of this 
Barkhausen noise effectively, by using the switched connection produced in the interface of a ferromagnetic and the 
antiferromagnetic substance, the antiferromagnetism film impresses the bias field to a high permeability magnetic film, 
consequently the method of controlling generating of the magnetic domain wall in a high permeability magnetic film is 
learned (JP,3-53686,B). The structure of this vertical-magnetic-recording medium forms a high permeability magnetic 
film first on a substrate, forms the antiferromagnetism film on this high permeability magnetic film, and forms 
perpendicular magnetic anisotropy films on this antiferromagnetism film further. Thus, it is shown that surely a 
Barkhausen noise is controlled at the time of record playback of the formed vertical-magnetic-recording medium. 
[0005] in order that [ however, ] this above-mentioned structure may form the antiferromagnetism film between 
perpendicular magnetic anisotropy films and a high permeability magnetic film - the thickness of the 
antiferromagnetism film — the time of record playback — as spacing loss — working — consequently, record 
regeneration efficiency and record — bringing about the fall of resolving power, the Barkhausen noise had the problem 
that the sensibility and resolving power at the time of record playback of what can be controlled were not enough. 
[0006] 

[Problem(s) to be Solved by the Invention] In the time of the record playback in the vertical-magnetic-recording 
medium which carried out sequential formation of a high permeability magnetic film, a high permeability magnetic 
film, the antiferromagnetism film, the antiferromagnetism film, and the perpendicular magnetic anisotropy films on the 
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substrate like **** While a Barkhausen noise is controlled, in order to form the antiferromagnetism film between 
perpendicular magnetic anisotropy films and a high permeability magnetic film, the thickness of the 
antiferromagnetism film ~ the time of record playback ~ as spacing loss - working ~ consequendy, record 
regeneration efficiency and record — bringing about the fall of resolving power, the Barkhausen noise had the problem 
that the sensibility and resolving power at the time of record playback of what can be controlled were not enough. 
[0007] This invention offers the vertical-magnetic-recording medium which is moreover high sensitivity and enables 
record playback of a high resolution while being able to control a Barkhausen noise. 
[0008] 

[Means for Solving the Problem] This invention consists of a substrate, bias field grant film formed on this substrate, a 
high permeability magnetic film formed on this bias field grant film, and perpendicular magnetic anisotropy films 
which record the signal magnetization formed on this high permeability magnetic film, in order to solve the above- 
mentioned conventional technical problem. 
[0009] 

[Function] According to this invention, since it comes to carry out sequential formation of the bias film, a high 
permeability magnetic film, and the perpendicular magnetic anisotropy films on a substrate, an exchange interaction 
works to the interface of the bias film and a high permeability magnetic film, and a bias field is impressed to this high 
permeability magnetic film, consequently magnetic domain wall generating in a high permeability magnetic film is 
controlled, and a Barkhausen noise can be controlled. 

[0010] Moreover, by carrying out sequential formation of a high permeability magnetic film and the perpendicular 
magnetic anisotropy films on a substrate, and carrying out the perpendicular magnetization of the field of the both ends 
of the truck cross direction of perpendicular magnetic anisotropy films to hard flow mutually If it makes it hard for this 
field to fix the magnetization in the high permeability magnetic film corresponding to the field by which was 
magnetically combined with the high permeability magnetic film, and perpendicular magnetization was carried out 
crosswise [ of a magnetic disk / truck ] (disk radial), and to move it In the high permeability magnetic film 
corresponding to the location of record playback field 4c between the perpendicular magnetization fields in 
perpendicular magnetic anisotropy films While a bias field can be impressed crosswise [ truck ], being able to control 
generating of the magnetic domain wall in the high permeability magnetic film 3 and being able to control generating 
of a Barkhausen noise Since the permeability of the truck longitudinal direction (disk circumferencial direction) in the 
field of the high permeability magnetic film corresponding to the location of the record playback field of perpendicular 
magnetic anisotropy films hardly falls, it does not cause decline in record regeneration efficiency. 
[0011] Furthermore, since a spacing layer does not exist between perpendicular magnetic anisotropy films and a high 
permeability magnetic film, there is no spacing loss at the time of record playback, it is high record regeneration 
efficiency, and a high resolution can be obtained. 
[0012] 

[Example] Hereafter, one example of this invention is explained, referring to a drawing. 

[0013] Drawing 1 is drawing of longitudinal section showing the configuration of the vertical-magnetic-recording 
medium concerning the 1st example of this invention. The high permeability magnetic film 3 with which the bias field 
grant film 2 which consists of antiferromagnetism film, such as FeMn and NiO, is formed, and consists of a permalloy, 
Fe radical soft magnetism film, or amorphous soft magnetism film of Zr system on this bias field grant film 2 is formed 
on the substrate 1 with which this vertical-magnetic-recording medium consists of circular ring tabular disks, such as 
aluminum and glass. Furthermore, it has come to form the perpendicular magnetic anisotropy films 4 which consist of 
CoCr on which signal magnetization is recorded, CoPt, etc. on the high permeability magnetic film 3. 
[0014] The bias field grant film 2 may be high coercive force magnetic films, such as CoPt, CoPtCr, and CoCr, instead 
of the antiferromagnetism film. Moreover, the bias field grant film 2 may be artificial grid film which the magnetic 
films 21 and 21 with which the laminating of a magnetic film 21 and the nonmagnetic membrane 22 was carried out by 
turns, and the laminating was carried out through the nonmagnetic membrane 22, and which carry out phase opposite 
combined in antiferromagnetism, as shown in drawing 2 . n which this artificial grid film becomes from n layers 
(CoFe/Cu), n (Co/Cu), and n (Fe/Cr) etc. — it is mentioned. 

[0015] Since switched connection of the bias field grant film 2 and the high permeability magnetic film 3 is carried out 
in the interface and a bias field is impressed to the high permeability magnetic film 3 by making it the above 
configurations, generating of the magnetic domain wall within the high permeability magnetic film 3 is controlled, and 
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generating of the Barkhausen noise on a spike can be controlled. Moreover, since it is directly formed on the high 
permeability magnetic film 3, perpendicular magnetic anisotropy films 4 do not have the spacing loss at the time of 
record playback, and it is a high resolution and they become possible [ acquiring high record regeneration efficiency ]. 
[0016] In addition, if induced magnetic anisotropy is given adding a field crosswise [ of a magnetic-recording medium / 
recording track ] in case the bias field grant film 2 and the high permeability magnetic film 3 in this example are 
formed by a spatter etc., a bias field can be effectively impressed to the high permeability magnetic film 3. 
[GOi?] Drawing 3 is drawing of longitudinal section showing the configuration of the vertical-magnetic-recording 
medium concerning the 2nd example of this invention. In drawing 3 , the nonmagnetic membrane 5 is formed between 
the bias field grant film 2 and the high permeability magnetic films 3 which were formed on the substrate 1. Since the 
reinforcement of the switched connection in an interface with the high permeability magnetic film 3 changes with 
classes of bias field grant film 2, the reinforcement of the bias field which joins the high permeability magnetic film 3 
will also differ. Therefore, since the bias field beyond the need will be added to the high permeability magnetic film 3 
if switched connection is too strong, the permeability mu of the high permeability magnetic film 3 will decrease, and 
degradation of record regeneration efficiency will be caused. Then, by forming a nonmagnetic membrane 5 between the 
bias field grant film 2 and the high permeability magnetic film 3, the reinforcement of switched connection can be 
adjusted, and it becomes possible to control a Barkhausen noise, maintaining the optimal record playback sensibility. 
This nonmagnetic membrane 5 should just choose that class and thickness according to terms and conditions, such as 
the magnetic properties of the bias field grant film 2 and the high permeability magnetic film 3, and thickness. 
[0018] Drawing 4 is drawing of longitudinal section showing the configuration of the vertical-magnetic-recording 
medium concerning the 3rd example of this invention. In drawing 4 , the bias field grant film 2 is annularly formed in 
the predetermined location where the outside of the record playback field between the most inner tracks 41 and 
outermost periphery truck 41* in a circular ring tabular magnetic disk corresponds. This vertical-magnetic-recording 
medium is manufactured by the approach shown below. That is, first, as shown in drawing 5 (a), the bias field grant 
film is formed by vacuum evaporation©, a spatter, etc. on a substrate 1. Next, a resist 51 is applied on the bias field 
grant film 2, and after carrying out the mask of the record playback field of a magnetic-recording medium, and the field 
(for example, field which includes an outermost periphery truck from the most inner track of a magnetic disk) which 
should become with a mask 52, it is made to expose, as shown in drawing 5 (b). Next, after removing a resist 51 as are 
shown in drawing 5 (c), and the field which was not exposed with a mask 52 is removed by etching etc. and shown in 
drawing 5 (d), the high permeability magnetic film 3 and perpendicular magnetic anisotropy films 4 are formed by 
vacuum evaporation©, a spatter, etc. 

[0019] Therefore, in order for a bias field to join the bias field grant film 2 only at the part of the high permeability 
magnetic film 3 which carries out phase opposite with the above configurations, generating of the magnetic domain 
wall of this part is controlled. And control of magnetic domain wall generating of this part controls generating of a 
magnetic domain wall effectively as a result to the field in which the bias field is not formed. Therefore, the 
Barkhausen noise by magnetic domain wall generating can be controlled. 

[0020] In addition, since record playback of signal magnetization is not performed in the perpendicular magnetic 
anisotropy films 4 corresponding to the field and the field of the high permeability magnetic film 3 on the bias field 
grant film 2 does not need to take permeability mu into consideration, it may strengthen switched connection 
reinforcement of the bias field grant film 2 and the high permeability magnetic film 3. Moreover, in this example, since 
there is no decline in the permeability mu in a record playback field, a magnetic interaction with the magnetic head can 
be strengthened and it becomes possible to realize high sensitivity and record playback of a high resolution further. 
[0021] Furthermore, you may make it the vertical-magnetic-recording medium concerning this invention prepare 
antiferromagnetism film 2' also between the high permeability magnetic film 3 and perpendicular magnetic anisotropy 
films 4, as shown in drawing 6 . In this case, antiferromagnetism film 2* is thinly formed in extent on which spacing 
loss is not made to act. 

[0022] Drawing 7 is drawing of longitudinal section showing the configuration of the vertical-magnetic-recording 
medium concerning the 4th example of this invention. As for the vertical-magnetic-recording medium concerning this 
example, the high permeability magnetic film 2 and perpendicular magnetic anisotropy films 3 are formed in order on 
the substrate 1. Moreover, the perpendicular magnetization fields 4a and 4b of predetermined width of face are formed 
in the inner circumference [ of the perpendicular magnetic anisotropy films 4 in a circular ring tabular magnetic disk ], 
and periphery side. The perpendicular magnetization of the perpendicular magnetization field 4b by the side of a 
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periphery is carried out in the direction of a substrate from the field which counters a head in the direction of a field in 
which these perpendicular magnetization fields 4a and 4b counter hard flow, and perpendicular magnetization field 4a 
for example, by the side of inner circumference counters a head from a substrate mutually. 
[0023] Therefore, by combining magnetically these perpendicular magnetization fields 4a and 4b and the high 
permeability magnetic film 3 (any of the switched connection or magnetostatic association by the exchange interaction 
being sufficient) If it is made hard to fix the magnetization in the high permeability magnetic film 3 corresponding to 
the'perpendicular magnetization fields 4a and 4b crosswise [ of a magnetic disk / truck ] (disk radial), and to move In 
the high permeability magnetic film 3 corresponding to the location of record playback field 4c between the 
perpendicular magnetization fields 4a and 4b in perpendicular magnetic anisotropy films 4 Since the bias field shown 
witih a broken line 71 is impressed and generating of the magnetic domain wall in the high permeability magnetic film 
3 can be controlled, generating of a Barkhausen noise can be controlled. Moreover, since the permeability of the truck 
longitudinal direction (disk circumferencial direction) in the field of the high permeability magnetic film 3 
corresponding to the location of record playback field 4c of perpendicular magnetic anisotropy films 4 hardly falls, it 
does not cause decline in record regeneration efficiency. Furthermore, since spacing layers, such as antiferromagnetism 
film, are not formed between the high permeability magnetic film 3 and perpendicular magnetic anisotropy films 4, it is 
high record regeneration efficiency, and the vertical-magnetic-recording medium of a high resolution can be realized. 
[0024] The modification of others of the vertical-magnetic-recording medium applied to this invention at drawing 8 
thru/or drawing 13 is shown. The vertical-magnetic-recording medium in drawing 8 forms a nonmagnetic membrane 5 
between the high permeability magnetic film 3 and perpendicular magnetic anisotropy films 4. That is, in the interface 
of the high permeability magnetic film 3 and perpendicular magnetic anisotropy films 4, the nonmagnetic membrane 5 
which is extent which can cut off the switched connection in the interface is formed in the location corresponding to 
record playback field 4c of perpendicular magnetic anisotropy films 4. 

[0025] Therefore, since it is combinable in magnetostatic in the interface corresponding to record playback field 4c of 
the high permeability magnetic film 3 and perpendicular magnetic anisotropy films 4, also when the high permeability 
magnetic film 3 is made thin if needed, the high permeability magnetic film 3 can realize good record playback, 
without falling by signal magnetization. 

[0026] As for the vertical-magnetic-recording medium in drawing 9 , the high permeability magnetic film 3 and 
perpendicular magnetic anisotropy films 4 are formed on the substrate 1. And since the high coercive force magnetic 
films 6a and 6b which have a stacking tendency are formed in the longitudinal direction magnetized crosswise [ truck ] 
by predetermined width of face at the inner circumference [ of the perpendicular magnetic anisotropy films 4 in a 
circular ring tabular magnetic disk ], and periphery side, the high permeability magnetic film 3 and the high coercive 
force magnetic films 6a and 6b can be combined magnetically, and the same effectiveness can obtain. 
[0027] The high coercive force magnetic films 6a and 6b with which the vertical-magnetic-recording medium in 
drawing 10 has a stacking tendency in the longitudinal direction magnetized crosswise [ truck ] at the inner 
circumference [ on a substrate 1 ] and periphery side are formed, and the high permeability magnetic film 3 is formed 
in the location corresponding to the record playback field between these high coercive force magnetic films 6a and 6b. 
Furthermore, on this high permeability 3 and high coercive force magnetic film 6a, and 6b, the perpendicular magnetic 
anisotropy films 4 by which record playback of the signal magnetization is carried out are formed. Also in this case, by 
magnetization of the same direction of the high coercive force magnetic films 6a and 6b, a bias field can be impressed 
to the high permeability magnetic film 3 in the direction of a broken line 101, and the same effectiveness can be 
acquired. 

[0028] Sequential formation of the high coercive force magnetic films 6a and 6b and the 1st high permeability 
magnetic film 3 is carried out, and, as for the vertical-magnetic-recording medium in drawing 1 1 , it has come to form 
perpendicular magnetic anisotropy films 4 on a substrate 1 at a 2nd high permeability magnetic film 3*, and 
nonmagnetic membrane 5 and this nonmagnetic membrane 5 top further on these quantities coercive force magnetic 
films 6a and 6b and the 1st high permeability magnetic film 3. Therefore, when magnetostatic association of the high 
coercive force magnetic films 6a and 6b and high permeability magnetic film 3' is carried out, the small closed 
magnetic circuit (broken line 111) of the magnetic-circuit resistance which has the path of quantity coercive force 
magnetic film 6a-> quantity permeability magnetic film 3 -> quantity coercive force magnetic film 6b-> quantity 
permeability magnetic film 3' (or the reverse) can be constituted, and a bias field stronger [ than the vertical-magnetic- 
recording medium shown in drawing 9 ] and effective can be impressed. 
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[0029] As for the vertical-magnetic-recording medium in drawing 12 , it has come to carry out sequential formation of 
the high coercive force magnetic film 6, a nonmagnetic membrane 5, the high magnetic permeability force magnetic 
film 3, and the perpendicular magnetic anisotropy films 4 on a substrate 1. And since it is combined in [ the high 
coercive force magnetic film 6 and the high permeability magnetic film 3 ] magnetostatic, a bias field will be impressed 
to the high permeability magnetic film 3 crosswise [ truck ]. 

[0030] The permanent magnets 7a and 7b with which sequential formation of the high permeability magnetic film 3 
and^the perpendicular magnetic anisotropy films 4 was carried out on the substrate 1, and the vertical-magnetic- 
recording medium of each other in drawing 13 was magnetized by the location of the both ends of a record playback 
field to the medium side perpendicular direction of an opposite direction are formed. Therefore, the bias field of the 
truck cross direction can be impressed in the high permeability magnetic film 3 like an above-mentioned example. In 
addition, the high coercive force magnetic films 6a and 6b may be used instead of permanent magnets 7a and 7b. 
[0031] In addition, in this invention, although the perpendicular magnetic anisotropy films which signal magnetization 
should make each record only on one [, such as a magnetic disk, ] disc-like field were formed, it may not adhere to this 
and you may form also in the field of another side. Moreover, although all showed the example of disc-like vertical- 
magnetic-recording media, such as a magnetic disk, it is also applicable to the vertical-magnetic-recording medium of 
the shape of a tape, such as a magnetic tape. 
[0032] 

[Effect of the Invention] As above, according to this invention, generating of the magnetic domain wall in a high 
permeability magnetic film can be controlled, and the Barkhausen noise produced in the interface of a high 
permeability magnetic film and perpendicular magnetic anisotropy films can be controlled effectively. Moreover, since 
spacing layers, such as antiferromagnetism film, are not formed between perpendicular magnetic anisotropy films and a 
high permeability magnetic film, the thickness of the antiferromagnetism film does not work as spacing loss at the time 
of record playback, it is high record regeneration efficiency as the result, and the vertical-magnetic-recording medium 
of a high resolution can be realized. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] [Industrial Application] This invention relates to the magnetic-recording medium of the 
vertical magnetic recording used for a magnetic disk, VTR, etc. 

[0002] [Description of the Prior Art] There is a record medium of the two-layer structure which 
formed the perpendicular magnetic anisotropy films which use a medium side perpendicular 
direction as an easy axis in the side which is separated from a substrate, and formed the high 
permeability magnetic film in it from the substrate at the near side as a vertical-magnetic- 
recording medium used for vertical magnetic recording (JP,52-78403,A), and it is known that 
this two-layer structure vertical-magnetic-recording medium shows the record reproducing 
characteristics in which perpendicular magnetic anisotropy films excelled the record medium of 
a monolayer. 

[0003] However, in the above-mentioned conventional two-layer structure vertical-magnetic- 
recording medium, the noise of the letter of a spike is observed at the time of record playback. It 
is not generated by the interaction with the perpendicular magnetic anisotropy films by which not 
being observed is checked in case a record playback experiment is conducted using the record 
medium of the monolayer structure which consists only of perpendicular magnetic anisotropy 
films, therefore the laminating was carried out to the high permeability magnetic film on it, and 
this letter noise of a spike is produced only from a high permeability magnetic film. Moreover, a 
magnetic domain wall is not generated in the field which this letter noise of a spike has the field 
which does not generate uniformly and is generated in a medium, and the field which is not 
generated, the magnetic domain wall has generated in the field which the letter noise of a spike 
generates, and the letter noise of a spike does not generate. [ many ] This letter noise of a spike 
originates in a magnetic domain wall carrying out irreversible transition, and, generally is called 
the Barkhausen noise. 

[0004] The above thing shows that what is necessary is just to control generating of the magnetic 
domain wall in a high permeability magnetic film, in order to control generating of a Barkhausen 
noise. As what controls generating of this Barkhausen noise effectively, by using the switched 
connection produced in the interface of a ferromagnetic and the antiferromagnetic substance, the 
antiferromagnetism film impresses the bias field to a high permeability magnetic film, 
consequently the method of controlling generating of the magnetic domain wall in a high 
permeability magnetic film is leamed (JP,3-53686,B). The structure of this vertical-magnetic- 
recording medium forms a high permeability magnetic film first on a substrate, forms the 



antiferromagnetism film on this high permeability magnetic film, and fomis perpendicular 
magnetic anisotropy films on this antiferromagnetism film further. Thus, it is shown that surely a 
Barkhausen noise is controlled at the time of record playback of the formed vertical-magnetic- 
recording medium. 

[0005] in order that [ however, ] this above-mentioned structure may form the 
antiferromagnetism film between perpendicular magnetic anisotropy films and a high 
permeability magnetic film ~ the thickness of the antiferromagnetism film — the time of record 
playback — as spacing loss - working - consequently, record regeneration efficiency and record 
- bringing about the fall of resolving power, the Barkhausen noise had the problem that the 
sensibility and resolving power at the time of record playback of what can be controlled were not 
enough. 

[0006] [Problem(s) to be Solved by the Invention] In the time of the record playback in the 
vertical-magnetic-recording medium which carried out sequential formation of a high 
permeability magnetic film, a high permeability magnetic film, the antiferromagnetism film, the 
antiferromagnetism film, and the perpendicular magnetic anisotropy films on the substrate like 
**** While a Barkhausen noise is controlled, in order to form the antiferromagnetism film 
between perpendicular magnetic anisotropy films and a high permeability magnetic film, the 
thickness of the antiferromagnetism film ~ the time of record playback - as spacing loss - 
working — consequently, record regeneration efficiency and record ~ bringing about the fall of 
resolving power, the Barkhausen noise had the problem that the sensibility and resolving power 
at the time of record playback of what can be controlled were not enough. 

[0007] This invention offers the vertical-magnetic-recording medium which is moreover high 
sensitivity and enables record playback of a high resolution while being able to control a 
Barkhausen noise. 

[0008] [Means for Solving the Problem] This invention consists of a substrate, bias field grant 
film formed on this substrate, a high permeability magnetic film formed on this bias field grant 
film, and perpendicular magnetic anisotropy films which record the signal magnetization formed 
on this high permeability magnetic film, in order to solve the above-mentioned conventional 
technical problem. 

[0009] [Function] According to this invention, since it comes to carry out sequential formation of 
the bias film, a high permeability magnetic film, and the perpendicular magnetic anisotropy films 
on a substrate, an exchange interaction works to the interface of the bias film and a high 
permeability magnetic film, and a bias field is impressed to this high permeability magnetic film, 
consequently magnetic domain wall generating in a high permeability magnetic film is controlled, 
and a Barkhausen noise can be controlled. 

[0010] Moreover, by carrying out sequential formation of a high permeability magnetic film and 
the perpendicular magnetic anisotropy films on a substrate, and carrying out the perpendicular 
magnetization of the field of the both ends of the truck cross direction of perpendicular magnetic 
anisotropy films to hard flow mutually If it makes it hard for this field to fix the magnetization in 
the high permeability magnetic film corresponding to the field by which was magnetically 



combined with the high permeability magnetic film, and perpendicular magnetization was 
carried out crosswise [ of a magnetic disk / truck ] (disk radial), and to move it In the high 
permeability magnetic film corresponding to the location of record playback field 4c between the 
perpendicular magnetization fields in perpendicular magnetic anisotropy films While a bias field 
can be impressed crosswise [ truck ], being able to control generating of the magnetic domain 
wall in the high permeability magnetic film 3 and being able to control generating of a 
Barkhausen noise Since the permeability of the truck longitudinal direction (disk circumferencial 
direction) in the field of the high permeability magnetic film corresponding to the location of the 
record playback field of perpendicular magnetic anisotropy films hardly falls, it does not cause 
decline in record regeneration efficiency. 

[001 1] Furthermore, since a spacing layer does not exist between perpendicular magnetic 
anisotropy films and a high permeability magnetic film, there is no spacing loss at the time of 
record playback, it is high record regeneration efficiency, and a high resolution can be obtained. 

[0012] [Example] Hereafter, one example of this invention is explained, referring to a drawing. 

[0013] Drawing 1 is drawing of longitudinal section showing the configuration of the vertical- 
magnetic-recording medium concerning the 1st example of this invention. The high permeability 
magnetic film 3 with which the bias field grant film 2 which consists of antiferromagnetism film, 
such as FeMn and NiO, is formed, and consists of a permalloy, Fe radical soft magnetism film, 
or amorphous soft magnetism film of Zr system on this bias field grant film 2 is formed on the 
substrate 1 with which this vertical-magnetic-recording medium consists of circular ring tabular 
disks, such as aluminum and glass. Furthermore, it has come to form the perpendicular magnetic 
anisotropy films 4 which consist of CoCr on which signal magnetization is recorded, CoPt, etc. 
on the high permeability magnetic film 3. 

[0014] The bias field grant film 2 may be high coercive force magnetic films, such as CoPt, 
CoPtCr, and CoCr, instead of the antiferromagnetism film. Moreover, the bias field grant film 2 
may be artificial grid film which the magnetic films 21 and 21 with which the laminating of a 
magnetic film 21 and the nonmagnetic membrane 22 was carried out by turns, and the laminating 
was carried out through the nonmagnetic membrane 22, and which carry out phase opposite 
combined in antiferromagnetism, as shown in drawing 2 . n which this artificial grid film 
becomes from n layers (CoFe/Cu), n (Co/Cu), and n (Fe/Cr) etc. — it is mentioned. 

[0015] Since switched connection of the bias field grant film 2 and the high permeability 
magnetic film 3 is carried out in the interface and a bias field is impressed to the high 
permeability magnetic film 3 by making it the above configurations, generating of the magnetic 
domain wall within the high permeability magnetic film 3 is controlled, and generating of the 
Barkhausen noise on a spike can be controlled. Moreover, since it is directly formed on the high 
permeability magnetic film 3, perpendicular magnetic anisotropy films 4 do not have the spacing 
loss at the time of record playback, and it is a high resolution and they become possible 
[ acquiring high record regeneration efficiency ]. 

[0016] In addition, if induced magnetic anisotropy is given adding a field crosswise [ of a 
magnetic-recording medium / recording track ] in case the bias field grant film 2 and the high 



permeability magnetic film 3 in this example are formed by a spatter etc., a bias field can be 
effectively impressed to the high permeability magnetic film 3. 

[0017] Drawing 3 is drawing of longitudinal section showing the configuration of the vertical- 
magnetic-recording medium concerning the 2nd example of this invention. In drawing 3 , the 
nonmagnetic membrane 5 is formed between the bias field grant film 2 and the high permeability 
magnetic films 3 which were formed on the substrate 1. Since the reinforcement of the switched 
connection in an interface with the high permeability magnetic film 3 changes with classes of 
bias field grant film 2, the reinforcement of the bias field which joins the high permeability 
magnetic film 3 will also differ. Therefore, since the bias field beyond the need will be added to 
the high permeability magnetic film 3 if switched connection is too strong, the permeability mu 
of the high permeability magnetic film 3 will decrease, and degradation of record regeneration 
efficiency will be caused. Then, by forming a nonmagnetic membrane 5 between the bias field 
grant film 2 and the high permeability magnetic film 3, the reinforcement of switched connection 
can be adjusted, and it becomes possible to control a Barkhausen noise, maintaining the optimal 
record playback sensibility. This nonmagnetic membrane 5 should just choose that class and 
thickness according to terms and conditions, such as the magnetic properties of the bias field 
grant film 2 and the high permeability magnetic film 3, and thickness. 

[0018] Drawing 4 is drawing of longitudinal section showing the configuration of the vertical- 
magnetic-recording .medium conceming the 3rd example of this invention. In drawing 4 , the bias 
field grant film 2 is annularly formed in the predetermined location where the outside of the 
record playback field between the most inner tracks 41 and outermost periphery truck 41* in a 
circular ring tabular magnetic disk corresponds. This vertical-magnetic-recording medium is 
manufactured by the approach shown below. That is, first, as shown in drawing 5 (a), the bias 
field grant film is formed by vacuum evaporationo, a spatter, etc. on a substrate 1. Next, a resist 
51 is applied on the bias field grant film 2, and after carrying out the mask of the record playback 
field of a magnetic-recording medium, and the field (for example, field which includes an 
outermost periphery truck from the most inner track of a magnetic disk) which should become 
with a mask 52, it is made to expose, as shown in drawing 5 (b). Next, after removing a resist 51 
as are shown in drawing 5 (c), and the field which was not exposed with a mask 52 is removed 
by etching etc. and shown in drawing 5 (d), the high permeability magnetic film 3 and 
perpendicular magnetic anisotropy films 4 are formed by vacuum evaporationo, a spatter, etc. 

[0019] Therefore, in order for a bias field to join the bias field grant film 2 only at the part of the 
high permeability magnetic film 3 which carries out phase opposite with the above 
configurations, generating of the magnetic domain wall of this part is controlled. And control of 
magnetic domain wall generating of this part controls generating of a magnetic domain wall 
effectively as a result to the field in which the bias field is not formed. Therefore, the Barkhausen 
noise by magnetic domain wall generating can be controlled. 

[0020] In addition, since record playback of signal magnetization is not performed in the 
perpendicular magnetic anisotropy films 4 corresponding to the field and the field of the high 
permeability magnetic film 3 on the bias field grant film 2 does not need to take permeability mu 
into consideration, it may strengthen switched connection reinforcement of the bias field grant 
film 2 and the high permeability magnetic film 3. Moreover, in this example, since there is no 



decline in the penneability mu in a record playback field, a magnetic interaction with the 
magnetic head can be strengthened and it becomes possible to realize high sensitivity and record 
playback of a high resolution further. 

[0021] Furthermore, you may make it the vertical-magnetic-recording medium concerning this 
invention prepare antiferromagnetism film 2' also between the high permeability magnetic film 3 
and perpendicular magnetic anisotropy films 4, as shown in drawing 6 . In this case, 
antiferromagnetism film 2' is thinly formed in extent on which spacing loss is not made to act. 

[0022] Drawing 7 is drawing of longitudinal section showing the configuration of the vertical- 
magnetic-recording medium concerning the 4th example of this invention. As for the vertical- 
magnetic-recording medium concerning this example, the high permeability magnetic film 2 and 
perpendicular magnetic anisotropy films 3 are formed in order on the substrate 1. Moreover, the 
perpendicular magnetization fields 4a and 4b of predetermined width of face are formed in the 
inner circumference [ of the perpendicular magnetic anisotropy films 4 in a circular ring tabular 
magnetic disk ], and periphery side. The perpendicular magnetization of the perpendicular 
magnetization field 4b by the side of a periphery is carried out in the direction of a substrate from 
the field which counters a head in the direction of a field in which these perpendicular 
magnetization fields 4a and 4b counter hard flow, and perpendicular magnetization field 4a for 
example, by the side of inner circumference counters a head from a substrate mutually. 

[0023] Therefore, by combining magnetically these perpendicular magnetization fields 4a and 4b 
and the high permeability magnetic film 3 (any of the switched connection or magnetostatic 
association by the exchange interaction being sufficient) If it is made hard to fix the 
magnetization in the high permeability magnetic film 3 corresponding to the perpendicular 
magnetization fields 4a and 4b crosswise [ of a magnetic disk / truck ] (disk radial), and to move 
In the high permeability magnetic film 3 corresponding to the location of record playback field 
4c between the perpendicular magnetization fields 4a and 4b in perpendicular magnetic 
anisotropy films 4 Since the bias field shown with a broken line 71 is impressed and generating 
of the magnetic domain wall in the high permeability magnetic film 3 can be controlled, 
generating of a Barkhausen noise can be controlled. Moreover, since the permeability of the 
truck longitudinal direction (disk circumferencial direction) in the field of the high permeability 
magnetic film 3 corresponding to the location of record playback field 4c of perpendicular 
magnetic anisotropy films 4 hardly falls, it does not cause decline in record regeneration 
efficiency. Furthermore, since spacing layers, such as antiferromagnetism film, are not formed 
between the high permeability magnetic film 3 and perpendicular magnetic anisotropy films 4, it 
is high record regeneration efficiency, and the vertical-magnetic-recording medium of a high 
resolution can be realized. 

[0024] The modification of others of the vertical-magnetic-recording medium applied to this 
invention at drawing 8 thru/or drawing 13 is shown. The vertical-magnetic-recording medium in 
drawing 8 forms a nonmagnetic membrane 5 between the high permeability magnetic film 3 and 
perpendicular magnetic anisotropy films 4. That is, in the interface of the high permeability 
magnetic film 3 and perpendicular magnetic anisotropy films 4, the nonmagnetic membrane 5 
which is extent which can cut off the switched connection in the interface is formed in the 
location corresponding to record playback field 4c of perpendicular magnetic anisotropy films 4. 



[0025] Therefore, since it is combinable in magnetostatic in the interface corresponding to record 
playback field 4c of the high permeability magnetic film 3 and perpendicular magnetic 
anisotropy films 4, also when the high permeability magnetic film 3 is made thin if needed, the 
high permeability magnetic film 3 can realize good record playback, without falling by signal 
magnetization. 

[0026] As for the vertical-magnetic-recording medium in drawing 9 , the high permeability 
magnetic film 3 and perpendicular magnetic anisotropy films 4 are formed on the substrate 1. 
And since the high coercive force magnetic films 6a and 6b which have a stacking tendency are 
formed in the longitudinal direction magnetized crosswise [ truck ] by predetermined width of 
face at the inner circumference [ of the perpendicular magnetic anisotropy films 4 in a circular 
ring tabular magnetic disk ], and periphery side, the high permeability magnetic film 3 and the 
high coercive force magnetic films 6a and 6b can be combined magnetically, and the same 
effectiveness can obtain. 

[0027] The high coercive force magnetic films 6a and 6b with which the vertical-magnetic- 
recording me(Mum in drawing 10 has a stacking tendency in the longitudinal direction 
magnetized crosswise [ truck ] at the inner circumference [ on a substrate 1 ] and periphery side 
are formed, and the high permeability magnetic film 3 is formed in the location corresponding to 
the record playback field between these high coercive force magnetic films 6a and 6b. 
Furthermore, on this high permeability 3 and high coercive force magnetic film 6a, and 6b, the 
perpendicular magnetic anisotropy films 4 by which record playback of the signal magnetization 
is carried out are formed. Also in this case, by magnetization of the same direction of the high 
coercive force magnetic films 6a and 6b, a bias field can be impressed to the high permeability 
magnetic film 3 in the direction of a broken line 101, and the same effectiveness can be acquired. 

[0028] Sequential formation of the high coercive force magnetic films 6a and 6b and the 1st high 
permeability magnetic film 3 is carried out, and, as for the vertical-magnetic-recording medium 
in drawing 11 , it has come to form perpendicular magnetic anisotropy films 4 on a substrate 1 at 
a 2nd high permeability magnetic film 3*, and nonmagnetic membrane 5 and this nonmagnetic 
membrane 5 top further on these quantities coercive force magnetic films 6a and 6b and the 1st 
high permeability magnetic film 3. Therefore, when magnetostatic association of the high 
coercive force magnetic films 6a and 6b and high permeability magnetic film 3' is carried out, 
the small closed magnetic circuit (broken hne 111) of the magnetic-circuit resistance which has 
the path of quantity coercive force magnetic film 6a-> quantity permeability magnetic film 3 -> 
quantity coercive force magnetic film 6b-> quantity permeability magnetic film 3* (or the reverse) 
can be constituted, and a bias field stronger [ than the vertical-magnetic-recording medium 
shown in drawing 9 ] and effective can be impressed. 

[0029] As for the vertical-magnetic-recording medium in drawing 12 , it has come to carry out 
sequential formation of the high coercive force magnetic film 6, a nonmagnetic membrane 5, the 
high magnetic permeability force magnetic film 3, and the perpendicular magnetic anisotropy 
films 4 on a substrate 1. And since it is combined in [ the high coercive force magnetic film 6 
and the high permeability magnetic film 3 ] magnetostatic, a bias field will be impressed to the 
high permeability magnetic film 3 crosswise [ truck ]. 



[0030] The permanent magnets 7a and 7b with which sequential formation of the high 
permeability magnetic film 3 and the perpendicular magnetic anisotropy films 4 was carried out 
on the substrate 1, and the vertical-magnetic-recording medium of each other in drawing 13 was 
magnetized by the location of the both ends of a record playback field to the medium side 
perpendicular direction of an opposite direction are formed. Therefore, the bias field of the truck 
cross direction can be impressed in the high permeability magnetic film 3 like an above- 
mentioned example. In addition, the high coercive force magnetic films 6a and 6b may be used 
instead of permanent magnets 7a and 7b. 

[0031] In addition, in this invention, although the perpendicular magnetic anisotropy films which 
signal magnetization should make each record only on one [, such as a magnetic disk, ] disc-like 
field were formed, it may not adhere to this and you may form also in the field of another side. 
Moreover, although all showed the example of cUsc-like vertical-magnetic-recording media, such 
as a magnetic disk, it is also applicable to the vertical-magnetic-recording medium of the shape 
of a tape, such as a magnetic tape. 

[0032] [Effect of the Invention] As above, according to this invention, generating of the 
magnetic domain wall in a high permeability magnetic film can be controlled, and the 
Barkhausen noise produced in the interface of a high permeability magnetic film and 
perpendicular magnetic anisotropy films can be controlled effectively. Moreover, since spacing 
layers, such as antiferromagnetism film, are not formed between perpendicular magnetic 
anisotropy films and a high permeability magnetic film, the thickness of the antiferromagnetism 
film does not work as spacing loss at the time of record playback, it is high record regeneration 
efficiency as the result, and the vertical-magnetic-recording medium of a high resolution can be 
realized. 



[Translation done.] 



